Dibasic amino acids and polyamies added to oat ( Avea sadvaL.) leaf protoplast isolation media decrease the RNase activity of extracted protoplasts relative to controls. This effect, wich is manifested even when the added polyamine Is removed by exhaustive dialysis prior to assay, is due to a prevention of the rise in RNase activity which usually folows protoplast Isolation. Polyanines, but not dibasic amino acids, also decrease RNase activity in diro. This hI vitro effect seems to result from electrovalent attachment of the polyamine to the RNA, because the greater the net positive charge on the polyane, the greater is its inhibitory effect ih ntro. The activity of dibasic amo acids when added during protoplast isolation probably results from their conversion to polyamines.
.
The rise in RNase activity is drastically inhibited if protoplasts are incubated in the presence of L-arginine or if they are isolated from leaves pretreated with L-arginine, L-lysine, cadaverine, putrescine, cycloheximide, or kinetin (1, 11, 13) . Protoplasts so treated are more stable to lysis and show higher RNA-synthetic activity (1, 11, 13, 14) than controls. It appeared that an understanding of the mechanism by which polyamines inhibit the rise in RNase activity might help in obtaining more stable protoplasts which could be useful in cell culture experiments aimed at improving cereal crops.
Although polyamines are known to affect the synthesis of DNA, RNA, and protein (2, 4, 6, 20) , there are only a few reports, limited to bacterial and mammalian systems, dealing with the effect of polyamines on DNA and RNA degradation by nucleases (3, 17, 23 
MATERIALS AND METHODS
Chemicals. HCl salts of the dibasic amino acids, diamines, and polyamines were obtained from Sigma Chemical Co. Yeast RNA, also obtained from Sigma, was purified by the method of FrischNiggemeyer and Reddi (8) . Cellulysin B was obtained from Calbiochem.
Preparation of Protoplasts. Procedures for growth of plants and isolation of protoplasts have been described earlier (9) . Briefly, for studies of RNase in protoplasts (in vivo), the lower epidermis of 6-day-old leaves of Avena sativa L. (var. Victory) was peeled off and the peeled leaves floated on a solution containing 0.5% (w/v) Cellulysin in 0.6 M mannitol and I mm phosphate buffer at pH 5.7, and incubated for 2 hr at 31 ± 1 C to extract protoplasts. Similar protoplast isolations were carried out in the presence of 10 mM L-arginine or 1 mm spermine. The released protoplasts were collected by centrifugation at 50g for 8 min, washed twice with 0.6 M mannitol (pH 5.7), resuspended in mannitol, counted in a hemocytometer, and adjusted to 1 x 106 protoplasts/ml. Oneml aliquots of suspension were used for determining RNase activity in the protoplasts.
For studies of RNase in cell-free extracts (in vitro), protoplasts were similarly prepared in the absence of amines and were used for the preparation of the crude RNase, as described below.
Extraction and Assay of RNase from Protoplasts. The enzyme was extracted by a procedure modified from Wyen et al. (26) . Protoplast suspensions (30 ml), containing 106 protoplasts/ml, were centrifuged for 8 min at 50g. The resulting pellet was homogenized in 30 ml of cold Tris-HCl buffer (25 mM, pH 7.5) with a glass pestle and recentrifuged for 10 min at 12,000g at 4 C.
The supernatant fraction was passed through Miracloth and used as the crude RNase preparation.
RNase activity was measured as described previously (1 (11, 13) or when protoplasts from untreated leaves were isolated and incubated in the presence of L-arginine (1). We now report that protoplast RNase activity is dramatically decreased when the diamines or polyamines are present only during the 2-hr incubation in Cellulysin needed for preparation of protoplasts. For example, when compared with control treatments, 10 mM L-arginine or I mm spermine in the protoplast isolation ihedium reduced RNase activity by 72 and 80%o, respectively. Concentrations of spermine higher than I mm caused protoplasts to aggregate, while higher arginine levels had no further effects. Ifthe protoplasts are incubated for an additional 3 hr, the RNase activity in controls rises by more than 40%o, but remains constant in the polyamine-treated series (Table I) . Since the crude RNase from the protoplasts was exhaustively dialyzed to remove excess polyamines prior to addition of the RNA substrate, this effect must be due to differences in enzyme activity.
Compounds containing multiple amine groups, when added to the enzymic assays solutions in vitro along with yeast RNA, had various effects. With L-arginine and L-lysine no decrease in RNase activity was observed, with the diamines cadaverine and putrescine activity was reduced slightly, while with the polyamines spermidine and spermine marked decreases in the activity of protoplast RNase occurred (Table II) . Spermine is more effective than spermidine in decreasing the activity of protoplast RNase and this effect becomes more pronounced with increasing concentrations of the polyamine (Table III) . Increase in incubation time to 1 hr did not decrease RNase activity further, indicating that the action of polyamines does not involve further biological transformations, but is most likely the result of a direct reaction between amine and some reactant in the assay. Similar results were obtained in vitro with pancreatic RNase, indicating that the effect is not specific for plant or for oat leaf protoplast RNase.
Polyamines, which are positively charged in the range of cellular pH values, are known to bind strongly to the acidic phosphate groups of RNA and DNA in bacteria, animals, and plants (2, 4, 6, 22) . This electrovalent bonding makes the nucleic acids more compact spatially and hence less available to nucleases (18, 23) .
The in vitro reduction in the activity of protoplast RNase by polyamines is probably the result of such binding. Depending on the type of RNase involved, the presence of spermidine and spermine may render natural RNA and synthetic polyadenylic acid less susceptible to degradation by endonucleases (10, 15) . The 
